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ABSTRACT

Realistic interpretations of atmospheric radiation spectra
need an adequate theory. We give a critical discussion of
the various methods to represent such spectra and discuss
discrepancies in the results from 2 different methods:

see Fig.1, Comparison of present calculations with such
ones of GRAY and McCLATCHEY [26] in the 4.5 micron region,
where the bands of 002, N20 and CO are overlapping. The
difference of calculated equivalent temperatures of the
outgoing radiation are seen to be higher than 8 degrees
Kelvin.

Approximate calculations in the NIMBUS I HRIR region
(3.4 to 4.2 micron) show, that the bands of CO,, N,0 can
be regarded responsible for discrepancies between investi-
gations of MARLATT and SAMUELSON. These gases account for
about 2 degrees Kelvin of the equivalent temperature.
Detailed results for clouds of various heights and emissi-
vities are given in Table IIT.

Approximate calculations in the long wave length wing
of the 6.3 micron HQO—band show, that the neglection of
N20 and CH4 against the H2O transmission may cause an
error of about 9 degrees Kelvin between 7.25 and 7.75
microns.

We give the development of a general method for the
representation of atmospheric spectra. It is based on
laboratory transmission functions and works very rational.
We demonstrate its applicability to the 1306/1550 CH4,
2563/2461 N2O, 3020 CH4, 2143 CO, 2224 Ngo-bands and the
6.3 micron H2O, the 4.3 micron COz—bands.
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I. INTRODUCTION

Infrared radiation measurements have turned out to be a
very powerful tcol in the study of many problems concerning
the composition of the earth atmosphere, especially for ine-
vestigations of vertical and horizontal structure and pro-
cesses, Similar measurements shall be applied in the future
also to atmospheres of other planets. The first and very pro-
spective and comprehensive discussion of satellite measurements

has been given by S. FRED SINGER (1956) /37 .

To arrange and interpret radiation measurements from
satellites or space probes a theory becomes necessary, which
at least must be as accurate, as the measurements themselves
will be, In particular there will be a need of concrete and
reliable knowledge of the transmission functions of atmospheric
gases under atmospheric conditions, as well as procedures of
calculation for the radiative transfer, which are rational and
reflect the accuracy as it will be seen by the satellite instru-
ment.

We can show the problem by means of figure 1: there are
compared spectral distributions of the outgoing radiation ob-
tained by GRAY and Mc CLATCHEY /267 with present calculations,
Our results have been obtained by means of experimentally
derived band model-parameters (section III c¢) while GRAY and
Mc CLATCHEY applied theoretically derived band model para-
meters ( section III b). Though the general course of the
curves 1 and "Gray" is similar, it is evident, that there
exists still a remarkable difference in the absolute values
to be expected: for instance there is a difference of more than
8 degrees Kelvin at 2238 cm'1, between the two methods,

In principle the question of accuracy of measurements
and theory for inversion problems has been raised by KING [46.J,
Our special problem was to predict the overlapping effect of
the bands of several atmospheric constituents on the outgoing
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Figo 1 Outgoing radiation: P (288°K) = Planck function at sur-
face temperature. Curves 2:calculated with our method
(section III c¢) and using mixing ratios (see table III)
according to US-Standard-Atmosphere 1962. - Curves 14:
calculated with our method and using mixing ratios according
to GRAY and Mc CLATCHEY [26_] . - Curves "GRAY": calculated
by GRAY and Mc CLATCHEY [26J using theoretically derived
band model-parameters (section II b)without slit function.
At the wave number 2238 cm-1 our calculations would lead
to an equivalent temperature which is 8,3°K higher than
that obtained by GRAY and Mc CLATCHLY; curve S: obtained
from curve "GRAY" by applying a slit function.




radiation and we were interested to find its influence on
the deduction of vertical structures in the atmosphere. It
is evident, that first an adequate method to calculate the
outgoing radiation has to be found, where the influence of
the individual parameters of the calculation can be verified.
Pirst we tested the mutual influence of actual transmission
functions and of the Planck function in different spectral
regions [9] . We found, that we had to look for a better
principle for the calculation of the infrared spectrum. A
new method of OPPENHEIM and BEN ARYEH [28J will be applied
and extended in the present report, together with a short
discussion of the well known methods,

The necessity of accurate calculations may be under-
stood by the scientific situation in sensing a planetary
atmosphere: (for simplicity reasons we first assume that
any scattering or reflection from surfaces can be neglected
and that local thermodynamical equilibrium is valid). The
radiation which will be detected by a vertically downward
viewing instrument at the top of the atmosphere depends only
on absorption and emission of atmospheric gases and on the
emissivity of the earth surface or of cloud layers., It origi-
nates from different atmospheric levels, according to the
frequency of the electromagnetic radiation. Under model con=-
ditions each atmospheric level can be determined by a de-
finite temperature. Consequently, if a temperature profile
shall be derived, measurements have to be performed at
different frequencies, or better, frequency intervals.. Each
frequency interval has to be broad enough. to assure, that
enough energy reaches the detector:sensitivity of the detec~
tors and particularly stabilization and adjustments for the
mechanical stress in a satellite are problems /57, which
grow with diminuishing spectral width. On the other hand,
the width of the frequency interval influences the height-
resolution of the inversion procedure, the deduction of ver-
tical atmospheric structure from radiation measurements [e6],
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A compromise has to be found between experimental possi-
bilities and meteorological wishes,

Within the last years the experimental techniques have
been improved currently as has been shown by HANEL [77 .
Accordingly it must be looked for suitable theoretical pro-
cedures which can satisfy the needed meteorological accuracy.

The main theoretical problems are:
a) the calculation of the outgoing radiation
b) deduction of atmospheric parameters from the real
(observed) spectrum, by using an inversion procedure,
The accuracy of a) is an essential presupposition for b). Our
investigations will deal with a): the key lies in the equation
of radiative transfer, by which the outgoing radiation has to

be calculated: y

FAw-Tj‘#JYdV‘[EvBV(TO) ~ dT,(T,p,u)+_/¢Vdv B(1(z)) aT,(T,p,u)
Av Av

w 0
= wave number interval, To= ground temperature,

Av
¢,.= filter function of the sensing instrument,
€, = emissivity, F,, = outgoing radiation,

T = absolute temperature, B,= Planck-function,
z = height, 2}.::transmission function, U = total

absorber mass, u = effective absorber mags, p = pressure,

This equation contains a somewhat problematic quantity,
the transmission of the atmospheric gases. For direct inte-
gration one should know T as analytical function of the wave-
number v , and of the temperature T, if also T would be an
analytical function of p and u. The reality does not satisfy
such ideal conditions, therefore the integration must be per-
formed numerically. Thus the problem arises to find a numerical
procedure of calculation, which approximates in a good way the
real atmospheric conditions and at the same time works ratio-

nallye.




For the solution of this problem in the case of very
broad spectral intervals, the principle of the radiation

diagram of MOLLER has been most useful r17 .

More emphasis to the spectral distribution of the out-
going radiation will be necessary for the interpretation of
future radiation measurements from satellites and space
probes. The test, how far averaging procedures, applied
to still relatively wide spectral intervals allow to obtain
sufficient information on the outgoing radiation, showed
unsatisfactory results [9/ o There an empirical principle
was used, which had proved useful in calculations of the
downward directed radiation [10/ . It now proved, that for
the outgoing radiation such calculations can give only a very
rough picture and that it is impossible to discuss them quan-—
titatively. - PFinally special band model calculations lead
to good results, as will be shown here,

A second question would be, how detailed the subdivision
of the vertical temperature profile T (p,u) must be, particu-
larly when discontinuities are present. This question has
been attacked by ZIRKIND [11] .

Thirdly, the emissivity of cloud surfaces and of the
goil is still unknown for a wide range of conditions in the
nature. Prom theoretical investigations of HARVARD [12] we
will derive clouds emissivities and check their influence
on the outgoing radiation.

For orientation purposes the empirical procedure is applied
to the region of the Nimbus I high resolution infrared radio-
meter (HRIR) to get an idea, whether the absorption in this
channel may be neglected with the determination of cloud sur-
face temperatures.Also the long wave length wing of the 6.3 mi-
cron HZO band has been checked: it was to test, whether the
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region between 7.25 to 7.75 microns would be suitable for
the determination of the relative humidity in the troposphere,
as there are bands of CH4 and N20 additionally to that of H20.

For general investigations of the necessary accuracy
conditions in overlapping cases and inversion problems the
special band model version of transmission calculations of
OPPENHEIM and BEN ARYEH has been prepared for actual problems
and applied to simplified conditions in the atmosphere. The
method is based on adequate laboratory transmission measure-
ments of the atmospheric gases., It includes the possibility
to determine easily the influence of changes in the meteoro-
logical parameters (mixing ratios, temperatures, emissivities)
on the infrared radiation which is to be seen by a satellite
in interesting spectral intervals. This will be shown for the
4.3 micron region where the bands of N20,,CO and 002 are over-
lapping, and which is interesting for soundings in the Mars
atmosphere, Similar calculations could be'performed for other

IR-bands, as the 1535 H,0, 3020 CH4, 2563,/2461 N,0, 1306/1550 CH

band, as is shown by adequate representation of some of the
basic data.

ITI. CALCULATION OF THE OUTGOING RADIATION USING TRANSMISSION
SPECTRA

a) Principle
For the purpose of numerical integration on the IBM 7090

the equation (1) is approximately by

x S g ]
Fo\v =¢w[ew' EfTorPo U)B , + Z_BAv‘z,:ALAv-(Ti’pi'u).
L=

i=1,.0.yn = number of atmospheric layers,

* indicates that J gases have to be regarggd,whgge trans-
missions are multiplied with each other: ?;v.= U't;‘Av~ )
subscripts AVorA2 indicate, that the quantity :Fs the arith-

metic average over the interval Av ov A2,

4




v
It is u =%A uy.
The vertical inhomogenity of the atmosphere is considered
by using a weighted pressure according to CURTIS~GODSON [17 ),
18 and a weighted temperature after BOLLE [10 7 :
.

Z’PA!:AM‘ _ 2_ Ea;‘AM‘

(3), (4) /{g; = :L ) /

. A
« ¢
D Awg > Ao

The transm{gsions, entering equation (E), are derived in the
following sections b) and c). In Figure 2 we show the verti-
cal distribution of the transmission of single atmospheric
minor constituents and their combinations in the long wave-
length wing of the 6.3 miqron H20-band. For the NIMBUS I HRIR
channel we have derived g@Mrfrom the filter function Fig. 2,
see also ref.[f19g7, We derived ¢Lv= 0.4 as average value of
the filter function.

051

04

0.31

0.21

01

2200 2600 3000
v (cm-1) —»

Fig. 2 Filter function of the Nimbus I, High Resolution
Infrared Radiometer ( HRIR ).



b) Empirical transmission formulas:

HOWARD,BURCH,SINGLETON,FRANCE and WILLIAMS, in the
following atbreviated as HBW, have given extensive material
on the transmission of atmospheric minor constituents [ﬁ4j7,
but at relatively low resolution ( 20 cm-1). For most of
the bands they have derived empirical functions Aband for
the integrated absorption, which have the form:

—=no o =(1- T = . a
Apana=(1~ Thana)=e+L uep®/ or Ay a=(1- Ty 3)=C+Delog(usp®)

where a,b,c,C,D are empirical constants,

The empirical formulas are valid only for limited values
of mass and pressure, They are often not sufficient for the
conditions of the earth atmosphere. If extrapolations become
necessary the results need to be regarded extremely critically.
Often calculations must not be performed for the whole region
of the band of an atmospheric gas, but only for part of the
band., To take care of this case, we replace

A A =K (1- Z'b

~-
band=(1" Lband) by part and)

where K gives the percentual amount of that part of the inte-
grated absorption (of the whole band) which lies in the re-
garded spectral interval - if only one gas is considered,

The average transmission over a spectral interval is then:

T = _I{.o
(4) G 1 - Av Apana

We have applied this formula., Its explicit representations for
calculations in this paper are taken from [14] where we intro-
duced our values of K and AV,

Por the wave~-number interval

AY = 7,25 7,75 microns ( = 1290 - 1379 cm™ ') CH,-absorption,a
part of the 1306 CH4band, it is:
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-~ = -3 0,6 10,45
‘u,e“ 1 - 6,86.1077, [7,3 ( uy. py’ ) ]

regions of validity : 20 < Aband <130 [cm-1,/7
10 < p< 760 /mm Hg / .
For the wave-number interval

Av = 2380 - 3000 cm™' (Nimbus HRIR-region):CH, - absorption, &
part of the 3020-CH4-band, it is:

C o=1= 7,09.1074, ZT15,5 ( vy pg’4 )0’5247

av,
2 -1J7
regions of validity: 15 <:Aband'< 2501rcm
10 < p < 760 /mm Hg /

¢) Transmissions from spectra or tables

In some cases, formulas for the integrated absorptions
were not available. HBW and also GOODY and WORMELL /207 have
given diagrams, where Aband is represented as function of
pressure and absorber mass., We have digitised those diagrams
and interpolated to get values of Aband for atmospheric con-
ditions. This has been done in the following cases:

Av = 1290 - 1379 [em™ '/ : region of N,0 absorption,a
part of 1167 N,O-band, it is:
Tap= 1 = (0,162,101 .0.0681)

Vi is obtained from the spectra of Goody and Wormell, by
linear interpolation in logarithmic coordinates in the digi-~
tised spectra (table VI in the appendix), by the formula

log u; - log Uy log P; - log Py

v (Ya,b41 = Ya,0)

Yat1,bs1 =

i log Upe1 ~ log Uy, log Payr1 ~ log Py

(5) log ~ log p
pi a
Ya,b+1 = ya+1,b+ya,b) + (

. (ya+1,b-ya,b) * Ya,p
1og Pyiq - log py
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a and b are running indices on the p and u - ordinates,

y are step-values in the interpolation in the y-field, where
_ 10

y = log Aband'

A similar procedure has been applied to the N20-absorption

between Av= 2380 - 3000 [bm'lfjwhere we have the 2563-N20 band

(gas 1) and the 2426 N,0 band (gas 2): hereby spectra of re-

ference [ 147 have been digitised (table VII, VIII in the appen-

dix): T,,1is obtained by

'CAVZC =(1- Vi’1 ) (1 - Vi,2 ) , where

Vi gas is obtained by interpolation with formula (5), only
?

here the meaning of y is changed to y = Aband'

For H20 and Coz-transmission the Plass-tables,[}O]'have
been used; there the transmission is given as function of p,
m, T. At a fixed temperature inter,olation for Z;ris performed
also by formula (5), the meaning of y is now: y = Ty o To
get the values for the Thv-field of the interpolation scheme
the values of the Plass—tables between 2380 to 3000 [em~J and
1290 to 1379 [bm—17have been summed up and mean values have
been formed at the table-conditions (see appendix, table IX,
X, XI),

The Plaess-tables are given for three different tempera-
tures. When the interpolation in the (p, u)-schemes (each of
them built up at one of the three temperatures) has been executed,
linear interpolation for T& (ui, Py ) between these schemes, now
with respect to the temperature can be done, s0 that now

Ty =Ty Cuyy pyr 7Ty
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III, METHOD OF BAND MOD:LS TO CALCULATE OUTGOING RADIATION

The equation of radiative transfer (1), (2) will e

solved in this method for relatively narrow spectral inter-
vals, as the transmission for such intervals can be calculated
by means of band models. Already PLASS [48,7 mentioned that em-
pirical expressions are not sufficient to provide reliable
predictions of the absorption for values of path lengths and
pressure as they are found in the atmosphere: they have limited
regions of validity. If these cannot be observed, serious errors
can occur, we have demonstrated this in table I of ref./9 /.
Besides, when going to other rlanetary atmospheres, other sets
of conditions would become necessary, and the amount of necessary
data would arise tremendously, especially for measurements with
high spectral resolution. It is evident, that model represen-
tations of the absorption bands have to be found, which gave

a reasonably simple (computing time!) but satisfactory means

for representation and prediction of transmission data.

a) Principle of transmissivity calculations by band models,

Several band models are already known and from time to
time new ones are invented, to approximate the distribution
of position, intensity and shapes of the lines in a distinct
band optimally. But this should only be done, if the sctual
quantities and their behaviour under different parameter con-
ditions are known with sufficient accuracy, which mostly is
not the case, and such calculations will be valid only for
a limited range of conditions; for extremely different experi-
mental conditions different band models may be applicable, as
different transitions between the energy levels of the mole-
cule will become efficient,

Instead of special models, a set of general models should
be developed. The difference between the present models is



-12 -

supposed to be small compared with the error inherent in
the basic data,

Generally ought to be said, that theoretical trans-
mission calculations should always be checked by laboratory
measurements for the same conditions: the conditions are
the same, if not only p, T, u are equal, but also the spectral
resolution of the source spectrum, the spectrum, which is trans-
mitted through the medium. Therefore the band model parameters
must be adequate to the spectral resolution of the "source"
in the spectrograph, which is the radiation irncident on the
absorption cell. Therefore theoretically derived parameters
(section b.)) must not only be averaged over the spectral in-
terval by an adequate weighting, but also a sﬂlit function
must be superimposed to them. If the band model parameters
have been derived directly from experiments, (section c.)),
no slit function must be superimposed for comparisons with
the measurements from which they have been derived.

The application of band model calculations to the real
atmosphere contains the sssumption, that the band model para-
meters represent the source spectrum of the atmosphere. (For
further discussions see section c.).

Two general models are the Elsasser model and the statistical
model. The mean absorptance A over the frequency interval for
which the model is valid, is

¥

(6) %Ay(ﬁ,y) = sinh13~jexp (-t cosh’b) I, (i.t) . dt
0

for the Elsasser model with Lorentz line shape, and

(7) AAV= 1 - exp [.—ls.x.e'x. (Io (x) + I1_(x))]
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for the statistical model,

2 Mo

O = half width (cm-1) for Lorentz shape

d = mean line spacing (cm'1)

S = integrated intensity of a line ( cm—2.atm-1)

Io, I1 are modified Bessel functions (with real argument)
u = opticel path of the absorber (atm-cm)

Pg = equivalent pressure (effective broadening pressure)
p' = partial pressure of the absorbing gas (atm)

Py = total pressure of the gas mixture

B = self broadening coefficient

u =p'.L,pe=pt+(B-1).p'

For calculations with these models one necds to know average
velues of 4, S5 , &, over the regarded frequency interval.
Ugually this is not the case. Either one has to provide

these values by calculations [21] , [22}, [23] , [24] , [25],
[26] , see section b),or one uses combinations from the

(U= 2%%23, V = —575?53——), which can easily be derived
from measurements. 277 , [287 , [29] , see section c).

b) Band model parameters obtained by means of guantum

theoretical relations.

This is usually a big task, already for one absorption
band ( see e.g. [22] ): for instance the calculation of tre
line intensity of one individual rotational line is:

-3
3. (m) = g we(m) Ng® (R 1""1')2 aBi . exp (=hc w"/kT)~

1 .
3 h.C-QV .QI'" n"—m'

°ZH -~ exp ( - he: “Q(m)/ kT)]
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where S, = local rotational line intensity
N = total number of molecules per unit volume
per unit pressure

g" = degeneracy of the lower state

h = Planck's constant

k = Boltzman's constant

¢ = velocity of light

T = absolute temperature

Pi = dipole matrix element for the vibrational transition

Q¢ = vibrational partition function

Qr = rotational partition function

" = energy of the lower state (w " =w oo+ u:s,)
where subscripts r and v refer to rotation and
vibration respectively)

R = the rotational matrix element

m = ordinal number

1 = quantum number of the angular momentum associated

with the doubly degenerate vibration v,

In these calculations a set of individually measured
spectroscopic constants has to be known. The total integrated
intensity of the whole regarded band must be known from measure-
ments and also the half width which is a function of pressure
and temperature. For the latter function assumptions have to
be used. All quantum-mechanical transitions of the band have to
be regarded by such calculations. Once this has been done one
has to find a good procedure or a weighting aspect to from
adequate average values so that finally a band model can be
applied. Such methods of construction of a model for an ab-
sorption band have been used by several authors, ref., [137] ,
[ 21 ] to [26] . Interesting for us areespecially the calcu-
lations of [26], [13] . The authors there replace the real

spectrum in 5 cm"'1 intervals by o n e hypothetical line,
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There it is not discussed how far this assumption will in-
fluence the final result. However, the recalculations of

the measured spectra seem to deviate: see for instance ref. [ﬁéﬁ
there fig. 4:

in the wings there are evidently errors from 5 to 40 percent.

It seems, that it is very difficult, to find good values of

the parameters for this principle.

For the interpretation of recorded atmospheric spectra
a s8lit function must be superimposed to the calculated re-
sults, as well as for the comparison with laboratory spectra.

c¢c) Band model parameters derived from experiments.

Here band model parameters are directly derived from
measurements by a principle which has been given by OPPEN=-
HEIM and BEN ARYEH [28] . This is done by applying a fit
procedure tolaboratory measurements. Then one may enter
immediately the band model formulas. Oppenheim and Ben
Aryeh have demonstrated this by means of the HBW [14] measure-
ments. As these have in average a spectral resolution of
about 20 cm™
local mean values, averaged over 20 cm_1 intervals and de-

, the derived parameters must be regarded as

formed by the slit function. (This should not be mixed with
the fact, that one may derive the parameters every 5 crn"1 or
still closer together - if the spectra are good enough).

2UW a?
Thg derived parameters are defined as U = 3 = ’
= 55%;;. If one has average values of the line spacing d,
L

which are averaged over the s a m e spectral interval,
one may also derive the average values of S and & . If this
is not the case, S and o« will define lines, which have to
be regarded as somewhat hypothetical ones, even if their
total number in the spectral interval in question would be
correct, It should be expected, that there would be an
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optimal relation between slit width and line spacing to get

an optimal picture of the actual spectrum, that means, an
optimal band model. But this relation will of course be different
for the individual bands. The atmospheric actual spectrum
deviates from an aversge band model spectrum, and the super-
position of the slit function to an average spectrum could

be regarded as part of the averaging process itself., The

effect of the slit function in the parameters will be negligible
for the actual case, if the recalculations for the laboratory
conditions show sufficient agreement with the experiments. It

is the question, how far averaging effects within the band

model principle will influence the amount of the outgoing radi-
ation which is an average value over the regarded spectral in-
terval. These problems will diminuish, if the laboratory instru-
ment has the same spectral resolution as the satellite instru~
ment, as long as the source spectrum of the laboratory experi-
ment is regarded as a sufficient representation of the actual
atmospheric source spectrum, and as long as the character of

the slit function is the same for both instruments.

We shall apply the Oppenheim-Ben Aryeh principle in our
investigations on the outgoing radiation. Therefore we have
to develop it in more detail and extend it for our purpose,
We present it as follows:

In the non-overlapping case the mean absorptance of an El-
sasser band (which is the mean absorptance of one line in this
band) can be represented by a Ladenburg-Reiche Curve of growth
for a line with Lorentz-shape:

A=8.,f(x)=8.x.c¢e% ‘[ﬁ I, (x) + I, (xl]

for definitions see section a.)e
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OPPENHEIM and BEN ARYEH show, that by restricting to
absorptions A<0.2, the non-overlapping case is included

and therefore a curve of growth can be constructed from

such measurements. The curve of growth has two asymptotes

( figure 3 ), the formulas of which are in the first approxi-
mation:

wW=2s°,. Le e P linear region,

e

W=2 Pe ( S°.<ig e L, )1/zsquare root region,

where

d(I). = half width for Lorentz shape

W = equivalent width of a line.

We derive for the point s of intersection of the asymptotes
the band model parameters U, V.

It can be shown that no assumption of the line spacing
is necessary. A,,is, according to the spectral resolution
of the laboratory measurements a mean value of the absorptance
in the center of an interval of the width of 5 cm"1. Thus, U,
V have to be regarded as mean values for 5 cm'1 intervals., It
is not necessary, to decide, how many lines would be within Awv,

AAv_gives simply the mean absorptance over Av ,

The statistical model equation (7) may generally be
written in terms of the equivalent width of a single line:

- W
d

A =1~ exp (

Introducing the transmission T , and assuming a Dirac probability
function for the distribution of intensities, (all lines euqal),

we obtain

(9) - InT=8.f (x)
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Similarity of equations (8), (9) show that there is now a
single procedure for representing the mean absorptance of a band
as a function of band parameters. Equation (9) bvases on the
assumption of the special distribution of the line intensities
in the band. But as this distribution has no influence on the
asymptotes [32] , it does not influence the coordinates of their
point of intersection, that means it does not influence the
values of the parameters U, V themselves,

So we conclude, that the values of the parameters are in-
dependent of the modeif We derived the parasmeters directly from
the curve of growth and not from its asymptotes: Very often the
curve of growth is not long enough to show a distinct linear
and sqare root region, Then it is not possible to construct the
asymptotes and derive parameters. An example for pressure re-
duced curves of growth is given in fig. 5. For discussion see
section VI b.),

Having derived the spectral distribution of the para-
meters ( fig. 4) we recalculate the absorption for conditions
of the measurements by means of the two band model formulas
(6), (7). In the computer program we approximate these by series
representations: SEITZ and LUNDHOLM [ 337 have given an adequate
expression for the Elsasser model; for the statistical model
with lines of equal intensity it can be easily derived, and
will be given elsewhere.

Sometimes it is sufficient to use the strong-line approxi-
mation for the statistical band:

1

where we now combine the band parameters Z from U and V:

v,V

ST

¥*
and of the distribution function of the line intensities
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From the recalculations of the measured laboratory
spectra we can decide which band model is more adequate
(fig. 5), and how far band model calculation is suitable
over homogeneous paths,

Formulas (10) to (14) are used then for the calculations
under atmospheric conditions.

d) Mixed line shapes.

In the following we shall outline the possibility of
an extension of our band model calculations to conditions
where mixed line shapes - the Voigt profile - ought to be
used: in the earth atmosphere Doppler broadening becomes re-
markable at pressures lower than 10_2 atm, Our band model
parameters U, V have been derived from measurements at re-
latively high pressures under laboratory conditions. To make
our band model-calculations applicable also to conditions
where mixed line shapes have to be used, the solution of
PLASS-FIVEL 34 can be introduced. From the findings of
these authors we know, that, if the weak line approximation
is valid, the line shapes have no influence on the equivalent
width: we now find

W=S.u=u.d. V. U

the equivalent width of a weak line, and

(15) A =1 = e~ UcVou .

the absorptance for both band models in the weak line approxi-
mation,
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If the strong line approximation can be applied, the
Voigt profile (mixed line shape) can be considered according
to PLNNER [36] :

w,o=2 (S.O(L.u)1/2 . [1 + T%a' + ﬁ% a4z~ —% a=2x"24 - ..:7

(16) Wm—d(u‘p.,VUz)V2 [1+—%a X +§‘1%a X -+.°.]

where
1/2
1/2 (2 k T 1ln
(17) == (1n 2)'/2, %= 2 2
p mcl)
Vo = wave number in the center of the interval,
¢ = velocity of light
kX = Boltzmann-constant
T = absolute temperature
subscripts L, D refer to Lorentz or Doppler-line shape.
Wm = equivalent width of a line with mixed shape.
It is
s° ., u -
(18) X = = =V ., u
_ d
L= 27

a .U . (me?)1/2

a = =0 ., N where
2T ( 2k1) /%y ’
2\1/2
N = . U . (me“)

a
27 ( 2x1) /2.y,




(19)

(20)
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To perform these calculations, the average line spacing
d must be known - for instance from spectroscopic measure-
ments - or a hypothetical line must be introduced: the mean
absorptance over the wave number interval is represented in
this case by the hypothetical line, whose width is d.

The absorptance for the strong-line approximation of
statistical modelis now from (13), (16) in terms of U,V:

- 2 42 y1/2 > R
AAV__1_exp(pAzi.ui.,F.U.V) [ 1+ 72 UAVTLNS
TR 3%% rdb vyt w? o ..:]

and can be calculated only by using the parameters U, V
which have been derived for Lorentz-shape, and by the Doppler
half width (relations (17), (18) )X

The general case to calculate transmission with mixed
line shapes by the band model formulas directly will be de-
veloped elsewhere [ﬁQ] . These developments could not yet
be introduced into our numerical calculations, and shall be
regarded as proposed extension.

e) Radiative transfer over inhomogeneous paths in an atmosphere.

\ie presume that Beer's law is valid for the transmission
of monochromatic radiation through an optical path (deviations
of Beer's law have been found by TOURIN and BABROV for high
temperatures, where the absorption coefficient depends on the
mixing ratio). In the"monochromatic" case - if the width of
is sufficient narrow - one may apply the condition law

T, J du) = exp ('jk‘r(p’T)'du (p’T).)

*
similar considerations may be made in the case of the

strong line approximation for the Elsasser model.
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where k= monochromatic absorption coefficient. This
equation allows to calculate "exactly" that means the
atmosphere can be divided into layers which are sufficiently
narrow, so that they may be regarded as homogeneous. The
integration of the equation of radiative transfer (1) cen
be done in this case directly by using equation (2) with-
out additional sssumptions. But in band model calculations
we have not to deal with "monochromatic" transmissions but
with mean values which are averaged over the region of one
line at least. So we cannot use equation (2) but we have
to work with

~~ .~ < A

instead oft@=’jikf.). That means: in the monochromatic

case we have only to superimpose values of k at different
pressures and temperatures, while in the Av-case we have

to superimpose line profiles of different width, as for
instance uL=ch(p,T). In homogeneous paths the transmission
of a line is representable by Lorentz Doppler or Voigt pro-
files., The question is now, which is the actual at -
mospheric profile , which results from

a superposition of profiles with different width and shapes-
depending on the height of the layers - in the real atmosphere,
This way van de Hulst [ 37] has formulated the "problem of
calculations over inhomogeneous paths". It has been discussed
by GOODY (1964) [19] : As it is known, the Voigi profile re-
sults from the convolution of & Lorentz and a Doppler pro-
file (see UNSOLD [38] ), that means, that the multiplication
of their PFourier-transforms gives the Fourier transform of
the Voigt profile: |

= S 1,2 .2
(21) £ (t) = S.ucexp ( = &% .t - 7oA . t7)
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(23)
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where

f (t) = S.u.exp ( - X, .t ) = Fouriertransform of
Lorentz-profile

f (t) = S.u.exp ( = %c&? .tz) = Fouriertransform of

Doppler-profile

The Fourier transform of the a c tual atmo -
s pheric prof il e, that means, when atmospheric
parameters are varying elong the optical path, is obtained
only bty replacing u by an integration then (21) becomes

1 2

f (t) = SS.exp ( -olL.t -7,

2
7 . t°) du

This integral may be simulated by the Fourier transform
of a Voigt profile

where §, U could be called reduced values for an inhomo-
geneous layer. Comparisons of powers of % from (22) and (23)
lead to the Curtis-Godson-apiproximation or to approximations
of other degree and give also a possibility to determine con-
tributions from Lorentz and Doppler profile independently.

The VAN DE HULST technique is the means by which the
transformation of line profiles by any atmospheric con-
ditions can be regarded, only by the assumption of dividing
the atmosphere into a set of homogeneous paths (numerical
integration). The technique would be applicable to our for-
mulations of the problems by using U, V parameters. But
it was not to our — — ~>-




-27 -

knowledge, while the present calculations were performed,
and therefore we only applied the Curtis-Godson approximation,
which is an approximation of the VAN DE HULST technique:

~ ) o
(24) o = an
\Ydm

is reduced value of the half width, which may be used

for inhomogeneous layers of the atmosphere,
With the condition

equation (24) becomes

(25) Preduced = S§gz

which is used in the form of equation (3) for numerical
calculations. Thus calculations or laboratory measurements
of fransmission over homogeneous paths become applicable to
inhomogeneous paths.

The CURTIS-GODSON approximation might be not always
sufficient: VIGROUX and MAYOT [39]have compared laboratory

measurements of AO at m,, p, with calculations over inhomo-

’
genecous paths which givg the same value of AO for the same
total mass Py They found that for such calculations a
Preduced would be necessary, which deviates remarkably from
Pye However, this has been done for O3 ( 9.6/4 band), which
has a non uniform distribution in the atmosphere. It would
be necessary to check the influence of this approximation on

our results, which will be reported here. This could not yet

be done,
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f) Temperature dependence:

In the search for good spectral regions for inversion
experiments the temperature dependence of both, the Planck-
function B and the individual transmission functions ¢,.play
an essential role, as the integralfB,(T)wftCﬁﬂm)has to be-
come inverted, to get information on the vertical distribution
of temperatures. Here we will not discuyss suitable approxi-
mations of the Planck-radiance which are different according
to the regarded spectral region, as such approximations can
be found. Really unknown are in most cases the temperature
dependences of the transmission functions. For the method
reported in section a) one needs to know, how the intensity
of each line varies with the temperature. It is possible to
calculate this for individual lines in the vibration rotation
band (see GRAY, SELVIDGE [21] ), if the integrated absorptance
of the band is knowntogether with a set of spectroscopic con-
stants which must be calculated; especially tabulations of
vibrational and rotational partition functions at the interesting
temperatures must be available. For the method of section b) it
would be necessary to take spectra at a set of different tempera-
tures and derive then the parameters U, V as described and
build tables for U and V and interpolate for the actual tempera-
tures.

However, in the 4.5 micron region, the temperature depen-
dence of the Planck-function is very high, see table I:

Table I
[ %] a,(v=4p) a(v=58kK)
180~190 19,4 15
270-280 13,0 10

310-320 11,4 9




Iv,.

(26)
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where Bv ~ | *

and it is supposed that it is much stronger than the temperature
dependence of the transmission functions. So we did not intro-
duce any temperature dependence of transmission functions as we
apply the method to the 4.5 micron region.

DIRECT METHOD TO CALCULATE THE OUTGOING RADIATION

The equation of radiative transfer (1), (2) has to be
integrated "monochromatically" over the paths in the atmosphere:
the width Av must be sufficient narrow, so that equation (20)
can be applied,

The absorption coefficient is [36/:

+ oo

koa exp ( -y )
kV,a ~ dy
o0

I - (w -y)°

when both, the Doppler effect and Lorentz collision damping
contribute to the one width (Voigt profile). It is

o} Y-
L 1/2 0 1/2 S ln 1/2
a = —= ( 1n 2) w = (1n 2) kK = ———( —==)
2 v
me 1/2__1
y = (zm) / v (W =-vy )y v =y, (1-—=2—),
Ve = velocity of the molecules, for further definitions see

section III c).
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It seems not easy to integrate for the range of a and w
which would apply to a planetary atmosphere [ 357 . Recent
tabulations of the integral (26J) exist from Ch, Young for
selected values of w and a.

The adventage of the direct method is, that one avoids
difficulties with inhomogeneous path calculations (see section d)).
Phe disadvantage: If there is to introduce any correction to
the obtained transmission by changing a basic parameter, for
instance the mixing ratio or temperature distribution or slit
function, one has to start from the very beginning. This task
is tremendeous for lower resolution ( 5 cm'1 ) and not at least
adequate for inversion procedures. The method is really clumsy.
Besides very often the basic data are not known accurately
enough 457 . This is another important disadvantage.

MODEL CONDITIONS

a) Radiance from soil and clouds.

Investigations on the derivation of emissivities from
NIMBUS - I - HRIR measurements have becoming underteken by
BUTTNER eand co-workers [40] . Radiance spectra of clouds have
been measured by BLAU, ESPINOLA and co-workers [417 . But
these measurements were taken only between 2.4 to 3.8,and
2.2 to 2.4, and 2.7 to 2.9, and 1.2 to 2.4 microns. MARLATT [ 42 7
and SALOMONSON [43] have derived from radiation temperature
measurements, taken by airplane, the emissivity and reflec-
tivity of soil (Prawnee National Grassland) and over clouds,

The spectral intervals were 0.2 to 4.0 and 0.55 to 0.85 microns,
and 8 to 12 microns. Their measurements have been applied by

R. E. SAMUZLSON [447 in comparisons with interpretations of
NIMBUS -I-~ HRIR satellite measurements,
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There were some slight differences between emissivities
after MARLATT and those after SAMUELSON. It will be investigated
in this paper, whether atmospheric absorption might account
for such discrepancies.

HAVARD [12/has performed theoretical calculations on
albedo = a and transmission=7 of clouds with different par-
ticle size for varying cloud thickness 1 and water content w.
From these theoretical results we have now derived emissivities
(which are given in table II)by the relation €= 1 - a =T .
For the present claculations between 3.4 to 4.2 microns we shall
use some of those values:
Thick cloud ( wel = m > 6.25 gr/m?) s £ = 0.8167
Middle cloud ( wel =m = 1,50 gr/m2) : €= 0.7631
where droplet radius r = 6 microns and HAVARD'S wavelength

A = 3,6 microns.

b) Vertical structure and mixing ratios.

All calculations have been performed on the basis of the
US-Standard-Atmosphere 1962 [447] . We have divided the atmosphere
into 50 layers. The numerical values of this division are given
in table XII in the appendix, together with the water vapor
distribution and total amount.

We have adopted uniform mixing ratios for the gases N20,
C02, co, CH4. As it is still uncertain which are the most probable
values, we have checked the influence of the amount of gases
on the outgoing radiation (see results section VI), Table III
gives a range of probable mixing ratios, and the resulting total
amounts of gases between O and 31 km. The mass of each absorbing
gas between two atmospheric levels is calculated by >~
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clmi,g = ?i,g . dz definition of the mass of a layer
dp
dz = barometric formula
g+ fi,1
i M
a8 = Cy o —_a definition of volume-mixing-ratio
Pi,L ML between two levels

usually the mass per surface ( dmg ) in gr/cm2 is given by the
height in em of a column over this surface; for this purpose
dmy g has to be divided by the density of the gas at normal

?

conditions:
dm [gr/cmZJ du = —dﬁfhﬂ [cm = atm - cm]
i,8 i,g ~ P B
0,8
M
then one obtains, by using f = —&
8
22,4
C:o 22,4 . dp
dui = ! [étm - cé]
18 g . 28,966
z = height, p = pressure, P = density, Cy = volume-mixing-ratio,
M = molecular weight, 28,966 = molecularweight of dry air,
g = gravity acceleration = 981 (cm/ secz), 22,4 volume of one mol,
u and m are absorber masses,

subscribt i counts the atmospheric levels
subscribt g says "gas"

subscribt 1 says "air"

subscribt o says at normal conditions.,
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VI. DISCUSSIONS AND RESULTS

a) Derived from the empirical method (II),

For the NIMBUS-I-HRIR region we have calculated the
equivalent temperatures of the outgoing radiation for clouds
of different height and emissivity. The results are given
in table IV, The influence of the single atmospheric minor
constituents is given as well as the influence of combinations
of these constituents, which are CH4, 002, N20° If they would
be neglected, an error would occur, which ranges from 4.5 to
0.2 degree Kelvin, depending on cloud height and emissivity
and the regarded gases. So we may conclude, that the discre-~
pancies between MARLATT's and SAMUELSON's [447 findings in
the determination of cloud top temperatures can be caused by
the neglected influence of the atmospheric minor constitutents.
As mentioned in section V a, SAMUELSON has compared cloud top
temperatures derived from NIMBUS-I-HRIR measurements with air-
craft measurements of MARLATT, without considering atmospheric
absorption. Our table IV could be used as guide for corrections
for atmospheric absorption in actual cases,

In our calculations the filter function of the HRIR in-
strument has been included (see section II a). No calculations
have been done without water vapor influence on the outgoing
radiation. However, from 500 millibars upwards, the transmission
of water vapor is higher than 0,988, so water vapor may be
neglected if clouds are higher than 500 millibars. But using
an emissivity of €= 0.76, the gases 002, CH4, N20 have still
an influence of about 1.6 °K.

The influence of minor constituents in the 7.25 to 7.75
micron hypothetical channel are given in table V., If N,0 and
CH4vwou1d be neglected against H20 an error of about 9 degrees




-37 -

9‘o y¢o 2‘o ¢‘gle G‘9le LtgLe 6912 06y
9¢i 6¢0 9‘o o‘v¢e Ltvez o‘ge¢e 9¢G¢e GL*g
9¢2 G¢l o¢y L¢a9¥z 8¢L¥2 ¢gre ¢6v2 69z
¢é¢ 8¢l 2L 9962 L ¢96e L¢9G2 6¢LG2 Ggoé|
8¢ L2 1Al 9¢6Ge ¢¢192 o‘zag vé¢oz 00‘o | L¢9Lf0 =23
Lo o ¢to LéLie Y AVANS géLLe géLLz 0g‘g
LéL 0fy 9‘o 6v¢e 9¢G¢e o‘g¢e 9¢9¢z GL¢g
L2 G¢y 0¢) LéLY2 6‘8v2 Yéeve oG G9‘e
G¢ oz yAd! 9¢gqe L¢LGe L*LGZ L4662 Go‘y
L¢Y 22 9¢l G¢o9g V¢292 0‘¢g9e 992 oo‘o | L918°0 =3
g‘o ¥¢o ¢to ¢‘ble 6‘6L2 o‘ogz ¢¢ozz 06y
o'z Lt g‘o LéLee 9‘g¢e 6¢8¢e L'6g2 GL‘g
Lé¢ L1 2¢lL LtoGge L4262 9¢26ze gf¢Ge g9z
6¢c 2 Gt L‘8se Y09z LéL92 929z Ggo¢y
G¢y c‘e LéL 9‘¢coz 9¢¢9z 992 L‘goz oo‘o off = 3
2 0N ¥
w N Yo ] Yo | Nmo Mmoo .
HO} L Nmooanu (“00)IVw 2oo( T 00L& ommwa (0°H) & q
2 2

%) ¢ - (Tmo

‘sanjegsdwey jusTeAtnbe= [¥,] &

«Z

00 0%H) & = ("HO ‘%00) IV :eTdwex§ *I V e0USISFITP oany
-gaadmaq oyl I0F 9Tqrsuodsax axe YOTUM USATS aae sased osoyy [ V 09 SUTMOTTOJ S18¥ovIq 8yl Ul
*L SUTMOTTOJ S198Y0BIQ UT USATI aIB £958Z popaedsx ayy °*ToAST BurlirTwe 8yl JOo L}TATSSTWS = 3

‘ToasT FuTy4TWe oY} JO 3USTLY = [wy] U

*SUOJIOT)] ¢°V 0% V°¢ Usemiag

(8anjeIsdwa] JUSTBATNDY) UOTIBIPEY SUTOFIN) 8YJ U0 S31USNLTASUO0) JOUTH OTIdydsowlry JO sousnTJul

*AI °TAq®BL



- 38 -

0%"m0) T v

8‘s 2tL (v) = (1) =

09 L¢G (v) - (2) = A¢muv I v

¢t L*S (¢) - (1) = ('up) 1 v
Gel G4y (¢) - (¥) = (0°n) v
8z 142 (2) - (1) = (0°N) 1V
0%192 94292 ("mo ‘0% ‘o%m) & (¥)
G292 L¢v9z (Yo “o%m) T ()
0%L92 L4192 (0% ‘o°m) T (2)
84692 84692 oy z (1)

TT 550" T o555

(e‘IIT °8TQ®T II @sep
AQ .HHH m.mo,.ma I mmdo *pesmn usaq 2ABY TTII °1TqB)} WwoJIJ SOT4BJI MQHNﬁS ._H Q‘ moﬂmhm.H,H..n.D
saanjesadwa) 8yl Jo0F oTqTsuodssl aae YOTUM ‘USATS aae soseF 9s0Uq J 7 SUIMOTTOJF £18)0BJIq
8U3 ul °J saanjesadwal juaTeATNDS 8yj JUTMOTTOJ S190BIQ UT USATS oI s98BF poparIsa 2y

[¥,] L _@Injexsdwe) jUsTeAInby oy} JO SWIS]L UL BUOJIOIN GL°/ O3 Gg°/ Usomiaeg
UOT}BTIPBY SUL053N) 8UjJ U0 SjuUenz[]suoy JOUL) OTIoUdSOW]y JO S0USNLJUT

A °TA®L




-39 -

20

30¢
3 z
E ..
£ s0f
. H0 —
5 704k €Oz ----
? CHg —--
§ NgO -
a 1004
- H20,607 —
° Hp0,002,CH, ===
v H20,C07,CHg N0 =
s 200 20,€02.CHy N2
[}
Y :
E 300
£
]
(24
o 500+
1 700-

I

03 04 05 06 07 08 09 1

— T

Figo 6

Transmission of layers with growing thickness, starting

from 10 mb pressure level to the earth surface. The influence
of different gases is given. Spectral region: 7.25 - 7.75
microns,
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Kelvin could occur. That means, that measurements from this
channel must be corrected if they should be used for deter-
minations of the relative humidity of the troposphere.

The influence of CH4 and N20 on the veftical distri-
bution of transmissions weighting functions is given in
fig. 6 and 7. If these gases are neglected agéinst H20, the
maximum is shifted about 1 km downwards.

The results of the empirical method can only be regar-
ded as very rough illustration for the conditions to be ex-
pected, as the author has shown formerly [97 .

b) Derived from band model calculations.

In fig. 1 we have compared our results with those from
GRAY and McCLATCHEY [26] for the spectral region between
2190 to 2290 cm-1. Here the bands of the gases 002, N20 and
CO are considered in the calculation. In this comparison we
have used the same atmospheric models and the same mixing ratios
as these authors. Though their curve ( "GRAY " ) of the out-
going radiation has the same general course like ours (curve 1),
it is evident, that there exists still a relative high difference
in the absolute values to be.expected: the differences are at
several frequencies higher than 8 degrees in terms of equiva-
lent temperatures. Possible reasons for such discrepancies are:

1) different band model principle (see section III), that means
differently derived band model parameters. For further in-
vestigations we suggest to make comparisons between their
and our parameters, which would be possible by adequate
formulations.
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How seriously erroneous transmission functions can in-
fluence the outgoing radiation, can be seen from the
example in figure 8, and will be discussed in more de-
tail elsewhere [16] .

2) We have divided the atmosphere into 50 layers, while GRAY,
McCLATCHEY used only 7 layers.

3) Inadequate consideration of the slit function (see section
111).

While the influence of point 2) could easily be looked
over, 1) shows, that transmission functions need to be handled
with utmost care and that they contain still problems which
must be investigated; consequences for the height of the maxima
of weighting functions, which are important for inversion prob-
lems,will be discussed elsewhere [16 ],

We expect, that the influence of point 3) will be very
important, too: GRAY, McCLATCHEY have superimposed a slit-func-
tion to their calculations (curve S in figure 1). It is some-
what surprising, that their curve without slit-function shows
less spectral structure than our corresponding curve 1, which
already contains the slit-influence. We expect, that our solution
of the split-problem - which uses parameters from laboratory
experiments with the same slit function as the satellite in-
strument, -~ is advantageous. This can be concluded from our
recalculations of laboratory spectra which we approximate quite
well, see fig. 7 for CO and ref., [16J for CO, and N,0.

Additionally we have to point out, that there exist still
uncertainties in the mixing ratio of the minor constituents.
Values of these mixing ratios, which are in the expected range,
are given in table II. The influence of these values is of the
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Fig. 8

Outgoing radiation at 10 mb (in terms of the equivalent

temperature Te) as function of the wave number v. The influence

of different mixing ratios and of the transmission function is
shown,

m<: mixing ratios from table III b

m>: mixing ratlos from table III a (smaller than from table III b)

m>,f " " and erroneous transmission
parameters,




-44 -

same order of magnitude as the one between different ways

of calculation or of erroneous absorption coefficients, as

may be seen from fig. 1 and fig. 8. A good illustration for

this fact is given in fig. 9, where the vertical distribution

of the transmission of the atmosphere for different conditions

of some parameters is presented. At the wavenumber Yo = 2240 cm"1
the gas N20 alone gives the same distribution as N20 and 002

together, if another NZO mixing ratio 1s adopted.,

An example for the influence of bad absorption functions
on the vertical distribution of the atmospheric transmission
is shown in figure 9.

In our investigations we have used the experimental trans-
mission spectra from A, LEUPOLT [4J . Generally they show
slight deviations from those of BURCH [14J , [157 ; these
differences cannot always be explained by the different spectral
resolution, see for instance figure 3. We should point out,
that LEUPOLT could measure with the original instruments of
BURCH at the OHIO - State University, by the obligingness
of Prof. J. H., SHAW. The difference of the results (see also
[16 ] ), which comes to light by our curve of growth represen-
tation, shows the difficulty to obtain "true" transmission
functions. This fact influences the results from GRAY,
McCLATCHEY as well as ours; there the total band absorption,
which must be taken from experiments, enters the calculation -
and it should be investigated, how an error from this quan-
tity influences the final result - snd here the parameters
at each wave-number could be provided with an individual error,

So far we have given examples for the 4.5 micron region.
Of course, in principle the method is also applicable to other
spectral regions, as for instance the NINMBUS I HRIR region
and the long wave 1length wing of the 6.3 micron H20 band,
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Transmission of layers with growing thickness, starting from
10 mb pressure level to the earth surface, at the wave number
2240 cm'1. The influence of different mixing ratios of the
single gases, the overlapping effect of the bands of several
gases and the effect of a wrong Coz-transmission are shown,
m<: mixing ratios from table III b

m > : mixing ratios from table III a,(smaller than from table IIIb)
f ¢ mixing ratios from table III a,and wrong COQ-transmission—

parameters
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This may be seen from figures 10, 11, 12, 13, where we give
sets of curves of growth for the 6.3 water vapor band, 3020 CH4
band, 2563/2461 N,0 band, 1306/1550 CH, band, To get the neces-
sary data, we have digitized the spectra of BURCH [147 , [157 .
It can be seen, that it is nearly impossible to construct
asymptotes, so that the parameters must be derived from a
direct fit, as we have applied at the LEUPOLT measurements.

VII, CONCLUSIONS

Apart from the meteorological information contents and
from the experimental possibilities the selection of spectral
intervals for inversion experiments needs a realistic theory.
The above discussed uncertainty of some parameters in at-
mospheric transmigssion calculations determines to what degree
the interpretation of data of measured radiation will be re-—
alistic. It is therefore necessary to improve the accuracy
of these parameters by useful coordinated experimental and
theoretical investigations. This results especially from the
discussion in section VI b),
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Fig. 10

Curves of growth for different wave-numbers in the 6.3 micron
H20 band, (date from BURCH'S measurements). T = transmission;
-—---—= attempt to draw asymptotes. The curves have been plotted
by means of an electronic computer which could not make single
points. Therefore the identations are caused by the scattering
of the measured values,
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Fig. 11

Curves of growth for different wavenumbers in the 3020 CH4
band, -—--~= attempt to draw asymptotes.
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Fig, 12

Curves of growth for some wave-numbers in the 2563%/2461
N20 - bands, ---- = attempt to draw asymptotes.
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Curves of growth for some wave-numbers in the 1306/1550
CH4 - bands, ———-— = attempt to draw asymptotes.
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